Abstract. At the end of March 2012 a prominent optical outburst was observed in the binary black hole system OJ 287. It does not fit the expected sequence of outbursts from the primary component and the bremsstrahlung outbursts from the accretion disk impacts of the secondary component. These occur in a well established pattern repeated with an approximately 12 year interval. In this work we discuss the possibility that the outburst originates from the secondary black hole. The timing of the 2012 outburst relative to the expected sequence would make it a counterpart of the precursor outbursts in 1993 and 2004, which occured before the main pattern of outbursts. If so, it appears that a precursor occurs when the secondary reaches a constant level above the mean accretion disk level of the primary component. It may be that this encounter induces an outburst in the secondary which is nearly as prominent as the outbursts in the expected sequence. The strength of these outbursts depends strongly on the spin of the secondary. In this work we investigate the limits on the secondary spin-up and spin alignment from interaction with the accretion disk of the primary component and its magnetic field.
INTRODUCTION
The blazar OJ 287 at redshift z = 0.306 has been shown to exhibit optical flares in a double peaked pattern that repeats in intervals of approximately 12 years [1] [2] [3] . This led to a development of a series of binary black hole models starting with [1] . The outbursts are not exactly periodic, however, and to satisfactorily explain the outbursts in 2005 and 2007, a strongly relativistic precessing binary black hole model is required [4] [5] [6] [7] . In the precessing binary model, the twin optical outbursts are caused by the secondary component impacting the accretion disk of the primary [4] . The impact tears off a shocked cloud of gas that radiates strongly with a bremsstrahlung spectrum [4] . Further outbursts in the repeating sequence originate from the primary due to enhaced accretion rate caused by the tidal effects of the secondary [5] [6] [7] .
The magnitude of precession in the OJ 287 system has been found to be approximately 39.1
• per cycle [8] , and the maximum relative velocity of binary is close to 10% of the speed of light. This very relativistic nature of the OJ 287 makes it an ideal candidate for testing general relativity and black hole properties [9] . Recently, the black hole nohair theorem [10, see, e.g.] has been validated for the case of the OJ 287 system at an accuracy level of 30% [8, 11] .
In addition to the repeating pattern of bremsstrahlung and tidal outbursts, a class of precursor outbursts have also been identified [12] [13] [14] [15] . These outbursts, seen in 1993 and 2004, have occured just prior to the outburst pattern starting with the first bremsstrahlung outburst [12, 15] . Recently, in March 2012, a new outburst was seen. The timing would make it a counterpart of the 1993 and 2004 precursors, as a new outburst pattern is expected to start with the secondary accretion disk impact in mid 2013 leading to the first outburst in late 2015 [16, 17] . The precursor outbursts are shown in Figure 1 together with the optical light curve. a e-mail: popiha@utu.fi
We discuss in this paper a possible model of the precursor outbursts where the outbursts originate from the secondary component of OJ 287. The impacts of the secondary black hole on the accretion disk of the primary tear off gas clouds that form a corona above the geometrically thin and optically thick disk. As the secondary component subsequently passes through this corona it may accrete some of these clouds. These accretion events could lead to jet brightening in the secondary, and thus to brightening of the OJ 287 system as a whole.
We briefly discuss how the precessing binary model allows a maximum secondary brightness that is high enough, assuming the secondary has a high spin. We then demonstrate that the secondary can attain a high spin that is aligned with the spin axis of the primary by interaction with the accretion disk of the primary. We also discuss ways to confirm whether the precursor emission originates from the secondary component. This would allow for a separate detection of the secondary black hole in addition to the primary black hole that is otherwise responsible for the emission of the OJ 287 system.
PRECURSOR BURSTS
We have calculated the orbit of the black hole binary using the geometric integration scheme in [18] with Post-Newtonian corrections up to third order. Detailed description of the Post-Newtonian correction terms with references, and the orbital parameters of the system can be found in [8] . In [19] it was noted that precursor bursts seem to occur when the secondary is at a height of z c ∼ 4000 AU above the z = 0 plane of the accretion disk of the primary. To visualize this relation, we plotted the height of the secondary above the accretion disk as a function of time in Figure These results lead us to a model where the precursor flares arise from the jet brightening of the secondary black hole when it accretes a gas cloud from the corona of the primary accretion disk. These clouds naturally originate as the hot gas bubbles torn off by the secondary from the accretion disk of the primary.
In [19] the coronal clouds and accretion events by the secondary were studied in detail. Assuming the secondary to be maximally spinning, with dimensionless angular momentum a = J/M 2 ∼ 1, it was found that the secondary could possibly reach luminosities of 0.25(k/20) −3 L Edd , with k related to the maximal expansion of the gas bubbles from the accretion disk impact. The value of k is unknown but it was estimated in [19] to be ∼ 20. For the secondary L Edd ∼ 2 × 10 46 erg, so that the maximum luminosity of the secondary is comparable to the maximum bremsstrahlung emission from the accretion disk impact bubbles, and the maximum jet emission of the primary, accreting at ∼ 10
−3Ṁ
Edd [19] . Assuming the secondary jet is directed in the same direction as the primary jet, the case for the precursor outbursts originating from the secondary is plausible.
SECONDARY SPIN
In the previous section it was assumed that the secondary has a high spin, and further that the spins of the secondary and primary are sufficiently aligned. These assumptions are based on the secondary repeatedly interacting with the magnetic fields and gas of the accretion disk of the primary. The angular momentum of the gas in the accretion disk has angular momentum about the impact direction parallel to its angular momentum about the disk axis, albeit in the opposite direction. Thus the gas falling into the secondary can be expected to form a temporary accretion disk [4] , the accretion from which in turn would cause the spin of the secondary to increase [20, 21] . The direction of the secondary spin axis is affected by the magnetic field of the primary and its accretion disk, in which the orbit of the secondary is embedded [22] . This magnetic field is probably poloidal in nature [23, 24] , which would also work to bring the spins of the black holes into alignment.
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Spin-up
The rate of the spin-up can be estimated by considering the mass accreted by the secondary during an impact with the accretion disk of the primary. This was estimated in [4] to be some (unknown) fraction of
where n is the accretion disk density, h is the accretion disk semiheight, Σ is the disk surface density and σ 2 is the interaction cross section. The interaction cross section is σ 2 = η 2 r 2 sch , where r sch is the secondary Schwarzschild radius, η = (c/v rel ) 2 and v rel is the velocity of secondary relative to the accretion disk. The portion of the mass ∆m that is not accreted directly ends up either in an expanding coronal cloud [19] , in the jet of the primary, back in the accretion disk, or in a temporary accretion disk around the secondary, as proposed in [4] . The timescale for accretion from a temporary accretion disk at Eddington rate from [25] is much longer than the orbital period of the secondary, during which the temporary disk is lost. Thus the temporary accretion disk is unlikely to have much influence in the secondary spin-up. As for the impacts with the accretion disk of the primary, in [19] it was estimated that roughly δm = ∆m/η would be accreted during an impact with a coronal cloud. We use the same estimate here for the impact with the accretion disk.
In first approximation, we can look at the matter accreted from the innermost stable circular orbit of the secondary r ISCO . In the following, we will use units in which G = c = 1. The evolution equations of the black hole mass and spin were first derived in [20] , and further elaborated in [21] , in which the canonical upper limit a = 0.998 for a black hole spin was also derived. The equations valid in the region 0 ≤ a ≤ 1 are
where M i and M are the initial and current mass of the black hole, a = J/M 2 is the dimensionless black hole spin angular momentum and ∆M 0 is the rest mass that has gone down the hole, starting from a = 0. These equations rest on the assumption that all the matter falling into the black hole has a positive angular momentum (i.e. in the same sense as the black hole spin). This is required due to the fact that the interaction cross section for trapping matter into the hole is greater for matter with an angular momentum in the opposite sense [20] . This requirement is not exactly satisfied in the case of impact with a thin accretion disk. Although the nearly Keplerian shear flow guarantees a net positive angular momentum, always in the same sense regardless of impact distance, the matter in the disk surrounding the impact site doesn't have an uniformly positive angular momentum distribution. Thus, for a more accurate solution, the details of the accretion during the impact would need to taken into account.
An estimate for the time required for a complete spinup of the secondary component in OJ 287 from a = 0 to a = 1 now be obtained from the equations (2) . When a = 1 after a time t, we have ∆M ∼ 1.4495M i = C 1 M i for the increase in the black hole mass and ∆M 0 = 1.8464M i = C 2 M i for the amount of accreted rest mass [21] . Since there are two impacts during each orbital period P ∼ 12 yr, we have
and M i = M/(1 + C 1 ) from which we obtain
To estimate Σ we use the α disk realization calculated in [4] , which was based on the model in [26] . We scale the model according to the equations in [25] , since the values α = 1 for the viscosity andṀ pri = 0.1Ṁ Edd for the accretion rate of the primary used in [4] need to be updated to reflect current knowledge. To estimate the scale factors we first note that a recent study [27] suggests the value of α is approximately in the range 0.1-0.4, with the high end favored by observations. In line with [19] , we take α = 0.5 from now on. The accretion rate of the primary is also probably not as high as in [4] , where the value was based on a luminosity of 3 × 10 47 erg, as in [28] . However, the emission of OJ 287 is strongly beamed and jet-dominated, and the luminosity of the accretion disk is therefore only a fraction of the total luminosity. In [29] it was suggested that a value of 1.3×10 46 erg obtained in [30] is more approriate, but still probably an upper limit. This estimated disk luminosity corresponds to an accretion rate of the primary ofṀ pri ∼ 10 −3 -10
−2Ṁ
Edd . UsingṀ pri = 10
−3Ṁ
Edd we finally get Σ = 10 5 g/cm, in accordance with [19] . Now, using the value M sec = 1.4 × 10 8 for the mass of the secondary [8] , and a representative value of η = 36 [19] , we find δm ∼ 3 M and the estimate for the spin-up time t ∼ 2.0 × 10 8 yr.
Here the effective accretion rate for the secondary 2δm/P ∼ 0.5 M /yr ∼ 0.5Ṁ Edd . This is possibly excessive, as the secondary accretion during the disk impact is not as significant as in the coronal cloud collisions [4, 19] , and thus the estimated spin-up timescale is a lower limit. The estimate is however of same order than the coalescence time of a supermassive black hole binary with parameters like the OJ 287 system, roughly 2 × 10 8 yr as obtained from the estimate in [31] . Thus, it is plausible that the secondary in OJ 287 might attain a significant spin via disk interactions by the time it has reached the current inspiral stage.
Spin alignment
Near a spinning black hole the Lense-Thirring precession will tend to twist the inner accretion disk in a plane perpendicular to the black hole spin vector [32] . Correspondingly, through viscous processes, the accretion 06006-p.3 EPJ Web of Conferences disk effects a torque working to align the black hole spin with the angular momentum vector of the outer accretion disk [33] . Various estimates have been given for the alignment timescale, see e.g. [33] [34] [35] [36] . From [34] we have an estimate for the alignment timescale t a as 
where a = J/M 2 , α is the thin disk viscosity parameter L is the luminosity and is the efficiency of the accretion process defined as = L/(Ṁc 2 ). As was noted in the previous section, if we take = 0.3 and estimate the accretion withṀ = 2δm/P, we obtainṀ sec ∼ 0.5 M /yr ∼ 0.5Ṁ Edd , so that L = 0.5L Edd . Using the value α = 0.5 set in the previous section we obtain t a ∼ 1.4 × 10 7 a 11/16 yr.
Thus even for a maximal spin a ∼ 1, alignment could happen in a rather short time scale compared to the spin-up time or the coalescence time. However, due to the fact that most of the secondary accretion during the disk impact is likely from gas falling directly into the hole as opposed to accretion from a temporary accretion disk, this alignment timescale is a lower limit only. In addition to accretion of matter with angular momentum, an ambient magnetic field can also effect a torque on the spin of a black hole. An active galactic nucleus like OJ 287 with a jet is very likely to have a significant magnetic field present, rising from the magnetized accretion disk of the primary [37] [38] [39] . An equation for the magnetic torque and an estimation for the alignment timescale were first conjectured by Press in [22] and later confirmed in [40] . The magnetic alignment timescale t m for a magnetic field of constant strength B that is assumed uniform far from the black hole was found in [40] to be
where M is the black hole mass. For an estimate of the magnetic field strength in the OJ 287 system that is consistent with the used accretion disk model of [26] , we use the approximation from [25] B ≤ 1.9 × 10 1 0 α 1/10 m −2/5ṁ−4/5r−9/5 1 −r −1/2 4/5 G, (9) where m is the black hole mass in solar masses,ṁ is the accretion rate in units of Eddington accretion rate andr is the radial distance in units of 3r sch . In the case of OJ 287 we haver ∼ 10, and we find B ≤ 4.1 × 10 6 G. This gives an alignment timescale t m ∼ 4 × 10 4 yr for the secondary black hole. So in a first approximation t m t a , and the magnetic field is likely to be a major influence in both the secondary spin direction as well as the directing its jet as shown in [41, 42] .
DISCUSSION
One way to verify the presence of the secondary jet in the radiation of OJ 287 would be to look for the shortest variability timescale. It should be closely related to the orbital period of the innermost stable circular orbit in the co-rotating case which is approximately 3.8 hours for the secondary, and 100 days for the primary. Due to Doppler boosting in the jet, variability time scales down to about 15 minutes may appear in the secondary jet and about 5 days in the primary jet. Therefore during secondary bursts the variability may be especially rapid. Possible evidence for this has may have been seen in the light curve of OJ 287 prior to the 1983 great outburst [43] .
Further, considering that the semi-major axis of the system corresponds to an observed angular diameter of ∼ 0.01 mas, it might be possible to follow the orbital motion of the binary in the sky, if the secondary is indeed bright enough. This requires observational capabilities with a spatial resolution at 10 microarcsecond level. This might be realized in the future e.g. with the GRAVITY instrument [44] . A direct detection would naturally confirm the binary nature of the OJ 287 system, but also allow correlating light curve events with the phase of the binary orbit.
A difficulty in investigating the secondary spin is the fact that the secondary is accreting material from a shear flow. Tentative arguments indicate that this would result in a torque working to align the secondary black hole spin in the opposite direction of the angular momentum of the accretion disk of the primary. The problem is additionally complicated by the manner of interaction with the matter to be accreted, i.e. the periodic impacts with an accretion disk. The impacts lead to a cloud of shocked gas, of which some part is accreted by the secondary, but in an amount and manner that is difficult to estimate analytically. In addition to secondary accretion events, both from the accretion disk and coronal cloud impacts, the magnetic field of the accretion disk of the primary likely affects the secondary brightness [45] . Thus as natural further work, ascertaining our estimates and the model for precursor bursts probably requires numerical simulations of the secondary accretion disk impacts, corona of the primary accretion disk and the effect of the magnetic field on the secondary brightness in different phases of the binary orbit.
CONCLUSIONS
We have discussed precursor bursts, a type of outburst of the supermassive binary black system OJ 287, and presented a model where the precursor bursts originate from the secondary component in the system. This requires the secondary black hole to have a high spin that is aligned with the spin of the primary black hole. We have argumented that the secondary is likely to have these properties due to the periodic interactions with the accretion disk of the primary, consistent with the binary model. We have further shown that the magnetic field in the system can be strong enough to have a significant effect on the secondary spin alignment.
